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Introduction
Worldwide, tobacco smoking is regarded as one of the riskiest health behaviors and the leading factor responsible for various chronic non-communicable diseases, including cardiovascular diseases (CVD), respiratory diseases and cancers of the lungs and other organs [1] . In 2000, approximately 4.8 million adult deaths worldwide were attributed to smoking [2] , and this number was projected to increase to 5.4 million in 2005, 6.4 million in 2015 and 8.3 million in 2030 [3] .
Currently, China has the largest tobacco production and consumption rates worldwide [4] and a current smoking rate of 27.7% among residents older than 15 years of age (52.1% for men, 2.7% for women); additionally, an estimated 3.16 hundred million residents are current smokers [5] . Smoking-related diseases are consistently listed among the top causes of death, in China; here, 1 million residents died from tobacco-related illnesses in 2010, and this number is expected to reach 2 million by 2030 [6] . Findings from a national study suggest that tobacco smoking is responsible for 32.7% of all cancer deaths in Chinese men and 5% of cancer deaths in Chinese women [7] . Despite the health consequences, smoking remains highly prevalent in China, and tobacco control measures have been ineffective. The average age at which Chinese residents begin smoking has decreased from 22 years in 1984 to 19 years in 1996 and 18 years in 2002, despite the implementation of the Law of the People's Republic of China on the Protection of Minors (<18 years) in 1999, which prohibited the sale of cigarettes to minors. These facts indicate that the existing national programs and initiatives regarding smoking prevention and cessation must be strengthened if cancer mortality is to be reduced in China [8] .
Qingdao, a developed city in eastern China, is facing an aging population, which is an important risk factor for cancer. In 2005, the total population was 7,409,311, of which the population older than 65 years accounted for 10.5%; however, by 2010, the total population had increased to 7,636,392, of which the population over 65 years accounted for 12.1%. The total population increased further to 7,831,075, of which the population over 65 years accounted for 13.4% in 2015. Tobacco smoking is also the leading cause of cancer in Qingdao. Although Qingdao first implemented tobacco control measures in 2007 and subsequent smoke-free legislation in 2013, a 2014 study of the disease burden attributable to cigarette smoking in this city indicated a further increase in smoking-attributable cancer mortality [9] . Given the enormous burdens imposed by smoking on health, up-to-date information and analyses of the related patterns of change are important. Therefore, this study aimed to estimate the population-attributable fractions (PAFs) of smoking and smoking-attributable cancer mortality in Qingdao in 2005, 2010 and 2015.
Methods

Data sources
Based on the 2013 Global Burden of Disease (GBD) Study, 12 major smoking-related cancers were included in this study. The relative risks (RRs) of target cancers among smokers were also obtained from the 2013 GBD [10] . The RRs for the 12 major smoking-related cancers and ICD-10 (International Classification of Diseases, 10th Revision) codes are given in Table 1 .
Population data were obtained from the Qingdao Municipal Bureau of Statistics. The scope of this analysis was limited to adults older than 30 years, as most cumulative hazardous effects of smoking-related cancers are unlikely to manifest in individuals younger than middle age. Stratification of the population by sex and age is shown in Table 2 .
Disease-specific mortality data were obtained from the Qingdao Municipal Center for Disease Control and Prevention using an online reporting system associated with the sample vital registration (VR) system, which is administered by the National Health and Family Planning Commission (NHFPC) of the People's Republic of China. This system covered the entire population of registered Qingdao households in 10 districts. Medical institutions at all levels used this system to collect death certificates and report related information to the Qingdao Municipal Center for Disease Control and Prevention. For deaths occurring at medical institutions, death certificates were completed by physicians according to standard protocols. For deaths occurring at home, death certificates were completed by local community physicians based on the descriptions of symptoms and personal histories of illness provided family members. The death certificates were coded according to the 10th revision of the International Classification of Diseases (ICD-10). The missing report rate was approximately 5%.
Lung cancer mortality data of the reference population were obtained from the American Cancer Society (ACS) Cancer Prevention Study Phase II (CPS II) and used to calculate the smoking impact ratio (SIR) [11] . The CPS-II was a prospective cohort study of smoking and death in a cohort of more than 1 million Americans older than 30 years. The majority of the exposed group in that study were life-long smokers, with a mean consumption of approximately 20 cigarettes per day who were considered representative of accumulated smoking exposure.
The study was approved by the Institutional Review Board of the Qingdao Municipal Center for Disease Control and Prevention. All data used in this study were fully anonymized before accession. Calculation of the population-attributable fraction (PAF) and smoking attributable mortality (SAM)
As the current prevalence of smoking is a poor proxy for the cumulative hazards of smoking, Peto et al. [11] proposed substituting the SIR for the smoking prevalence in the attributable fraction formula for cancers, as this would allow for the long lag between exposure and outcome. The SIR can be calculated as follows:
where C LC is the lung cancer mortality rate in the study population, N LC is the lung cancer mortality rate of never-smokers in the same population and S Ã LC and N Ã LC are the lung cancer mortality rates for smokers and never-smokers, respectively, in a reference population. Because local data were unavailable, the Chinese never-smoker lung cancer death rates were substituted for the non-smoker lung cancer mortality death rates in Qingdao [6] .
The rate of lung cancer among non-smokers is much higher among the Chinese population than among the CPS-II population, as individuals in the former are exposed to other lung cancer risk factors, such as coal used for heating and cooking [12] . Therefore, the previous formula was normalized as follows [13] :
The fraction of deaths attributable to smoking was estimated using the standard population-attributable fraction (PAF). The accumulated hazards of smoking in the Qingdao population were measured using the SIR which was used to calculate PAFs. The sex-and age-specific SIR and relative risk (RR) were substituted into the PAF formula as follows: The formula used to determine the smoking-attributable mortality (SAM) was as follows:
where M denotes the sex-and age-specific deaths associated with the 12 smoking-attributable cancers.
Results
As shown in Table 3 , tobacco smoking was responsible for 2484, 2999 and 4148 cancer-related deaths in 2005, 2010 and 2015, respectively. Although upward trends in smoking-attributable mortality were observed over time for both men and women, the numbers of smoking-attributable deaths were higher among men. Notably, the approximately twofold increase in smoking-attributable mortality from 2010 to 2015 relative to that from 2005 to 2010 was largely due to an increase in deaths among men. Table 4 
Discussion
In this study, we estimated the burden of smoking-attributable cancer mortality, a very important issue in Qingdao, and determined that these cancers accounted for 26.41% (29.69% for men, 19.73% for women), 25.76% (28.40% for men, 20.20% for women) and 29.13% (33.00% for men, 20.92% for women) of all cancer deaths in 2005, 2010 and 2015 respectively. In brief, the PAF in Qingdao is slightly higher than the national rate (30.6% for men, 6.2% for women) [14] , and the cancer burden attributable to smoking has become a serious issue. This study demonstrates that the number of deaths associated with smoking-attributable cancers increased from 2484 in 2005 to 2999 in 2010 and 4148 in 2015, and this increasing trend was particularly strong among participants older than 55 years.
The 2014 Global Adult Tobacco Survey (GATS), conducted in Qingdao, observed the highest smoking rate among participants aged 45-69 years [15] , which is considered a high-risk age range for smoking-related diseases [16] . This group tends to have deep-rooted smoking habits and therefore is resistant to tobacco control legislation and other interventions intended to promote smoking cessation. Furthermore, China began transitioning to an aging society in approximately 2000, and the proportion of the population aged older than 60 years is expected increase to 20.77% in 2025 [17] . Generally, the increase in smoking-related deaths among people older than 55 years is attributed to the overlapping effects of a high smoking rate and population aging. Therefore, health resources should target the early diagnosis and proper treatment of smoking-related cancers in older populations.
International tobacco control experiences have demonstrated that the implementation of a range of effective tobacco control measures can reduce the smoking rate by 1% per year [18] . To address the above-described substantial health and economic burdens associated with smoking-attributable cancers, in 2007 the Qingdao government began to implement a series of tobacco control measures aimed at reducing the smoking rate. These measures included banning smoking in workplaces, protecting children from environmental tobacco smoke and banning tobacco advertising, sponsorships and promotions. In addition, Qingdao enacted a law that would make virtually all enclosed public places and workplaces smoke-free on September 1, 2013. These measures have successfully reduced the smoking rate in Qingdao to a lower level in recent years, as demonstrated by a 2014 survey [15] in which the current smoking rate among Qingdao residents aged at least 15 years, 21.31% (40.53% for men, 1.03% for women), was found to be lower than the current national smoking rate [5] . Furthermore, a survey of smoking rates in urban areas of China [19] found that Qingdao had the lowest smoking rate among the 14 surveyed cities.
In this study, decreases in smoking-attributable cancer deaths were observed over time in the younger population (<50 years) and particularly among those aged 30-44 years; in this age group, the proportion of smoking-attributable cancer-related deaths decreased from 9% to 2% from 2005 to 2015. A nationwide prospective cohort study predicted that men born during the 1970s and 1980s will likely be the first generation of men to experience the full hazards of tobacco smoking, as they reached adulthood when the nationwide cigarette consumption level was high [6] (average daily cigarette consumption per adult man in China: 1 in 1952, 4 in 1972, and 10 in 1992 [20] ). In other words, we are likely experiencing the early stage of effective measures against the threat of tobacco, which is expected to present an immense public health challenge. Furthermore, although smoking-attributable cancer mortality was low among the younger population in this study, additional strategies to counter the effects of tobacco will be needed to reduce cases of disability and premature death over the next few decades.
Like other cities in China, the smoking rate among men is much higher than that among women in Qingdao [15] . Accordingly, we observed a much higher overall increase in smokingattributable cancer deaths among men, as well as higher rates of smoking-attributable cancer deaths and PAFs among men for all 12 established smoking-attributable cancers (other than cervical cancer) at all three time points. However, among some younger age groups (<45 years), female subjects had higher PAFs, although this was attributed to the use of the 40-44-year age group to estimate the SIR for age groups younger 40 years because this was the only age group with a higher proportion of women relative to men at all three study time points. A previous study of the burden of tobacco-related cancer in China [14] observed an overall PAF of approximately 6.2% for female subjects, which was far below the level observed in Qingdao. This discrepancy could be attributed to the high rate of lung cancer in Qingdao. A previous epidemiological study observed a high incidence of lung cancer mortality in Qingdao, with an associated death rate far higher than the national average and the average rates of major cities in China [21] . In 2010, the age-standardized lung cancer mortality rates among Qingdao and Chinese women according to the Chinese standard population were 21.75/10 5 and 16.62/10 5 , respectively; in other words, the lung cancer mortality rate among women is higher in Qingdao than in all of China. In addition, it is worth noting that women are susceptible to the harmful effects of second-hand smoking. In a previous study conducted in China, approximately 11% of lung cancer deaths among non-smoking women were attributable to exposure to smoke from a spouse or in the workplace [7] . Despite the reduced smoking rate in Qingdao, secondhand smoke exposure rates remained high in 2014, with rates of 42.39%, 26.62% and 40.53% reported in public places, workplaces and homes, respectively [22] . We note that the ban on smoking in public places may have increased the exposure of women to secondhand smoke in their homes. Moreover, the smoking rate has begun to increase among women in China; particularly, the rate among young women is increasing by 10% annually [4] . Therefore, despite the relatively lower smoking-attributable cancer burden among women, proper tobacco control interventions should be implemented to discourage women from taking up the habit of smoking.
This study found that lung cancer was the leading cause of smoking-related cancer deaths in Qingdao, consistent with both national [8] and global research [23] . Although the PAFs were highest for lung, nasopharyngeal, oral and esophageal cancers, overall deaths were most frequently associated with lung, liver, esophageal and stomach cancers because of the low incidence of nasopharyngeal and oral cancers. In Qingdao, the number of deaths from lung cancer increased rapidly from 2005 to 2010 and 2015, which unfortunately confirms earlier predictions that the incidence of lung cancer would increase enormously consequent to the rapid increase in the number of cigarette smokers in China in the 1980s [24, 25] . Consistent with this prediction, the lung cancer incidence rate increased by an average of 1.63% each year (1.3% in men and 2.34% in women) from 1988 to 2005 [26] . A Chinese study found that 98.54% of the lung cancer disability-adjusted life years (DALYs) are attributable to lung cancer years of life lost (YLLs), [27] as lung cancer is highly fatal (5-year survival rate of 19.8% in China [28] ) and patients have a very short survival time (median time to death is 13.67 months in Beijing, China [29] ).
These results underscore the need for government-based measures that reinforce tobacco control and advocate early diagnostic screening for smokers, with the aim of reducing lung cancer mortality by preventing deaths and/or providing effective treatment.
The lag time between the implementation of tobacco control measures (smokers quitting or young people never starting to smoke) and the decrease in smoking-related cancer mortality is very long because smoking-related cancers develop after approximately 20-30 years of continuous smoking, and the risk of cancer decreases slowly among former smokers. Therefore, it is important to implement and strengthen tobacco control measures as soon as possible. In November 2014, the Beijing People's Congress passed the Beijing Smoking Control Regulation which is the most powerful tobacco control regulation in Chinese history. This regulation, which took effect on June 1, 2015, bans smoking in all indoor areas of public places, workplaces and public transport, as well as outdoor areas such as kindergartens, schools and child and maternal hospital campuses. Violators face a penalty of ¥50-200 (US$8-32) as an individual or ¥2000-10 000 (US$322-1611) as a venue owner or manager. The government also set up a complaint hotline to facilitate public reporting of smoking in public places. A study of the effectiveness of the Beijing Smoking Control Regulation found that the rate of observed smoking incidents in 176 participating restaurants decreased significantly from 40.3% to 14.8% (p<0.001) after the law came into force. Although Qingdao has also promulgated a tobacco control regulation, the implementation has not been sufficiently strict, and the stipulated fines imposed on violators are generally not implemented. The government of Qingdao should further strengthen the implementation of this regulation to reduce the overall disease burden caused by smoking, as this would help not only to reduce the burden of cancer, but also other of non-communicable diseases and some communicable diseases. One previous study found that a reduction in smoking of 30% from the 2013 level would lead to the avoidance of 326000 deaths due to noncommunicable diseases (e.g., cancer, cardiovascular diseases, diabetes mellitus and chronic respiratory diseases), including 222400cancer-related deaths, among 30-70-year-old Chinese residents by 2030 [30] .
Some limitations of this study should be noted. First, the RRs used in our analysis were not limited to the Chinese population. RRs based on published studies from a global population may not be fully applicable to the Qingdao population because of possible differences in smoking habits. Second, the Chinese never-smoker lung cancer death rate was used as a substitute for the non-smoker lung cancer mortality rate in the Qingdao population when calculating the SIR. Accordingly, this rate may not have accurately depicted the cumulative harm of smoking in Qingdao. Finally, this study did not account for former smokers and thus may have underestimated the burden of mortality attributable to smoking.
Conclusion and suggestion
In conclusion, we observed a steady increase in the incidence of smoking-attributable cancer deaths from 2005 to 2010 and 2015. In 2015, 1 in 3 and 1 in 5 cancer deaths in men and women, respectively, were attributable to smoking, and 95% of these deaths were related to lung, liver, esophageal or stomach cancer. Furthermore, we note that despite a decrease in the number of smoking-attributable deaths among residents younger than 55 years, the burden of tobacco smoking-related cancer remains a serious issue among older residents and remains high among women, compared to the national level. We hope that our findings will provide public health experts and decision makers with a better understanding of the societal burden imposed by smoking on the Qingdao population. Although the government of Qingdao has already implemented successful public health and legislative tobacco control measures, our findings suggest that health policies targeted at specific populations are needed to further reduce the mortality attributable to smoking. These policies should prioritize awareness regarding the adverse effects of smoking in men, among whom the smoking prevalence is 40 times higher than among women. Furthermore, early screening, diagnosis and treatment measures are required for the older population, and awareness programs regarding the adverse effects of secondhand smoke should be developed to target women. Finally, it is essential to strengthen the implementation of tobacco control measures, such as the prohibition of tobacco advertisements and sales of cigarettes to minors, and to impose fines on violators of tobacco control regulations.
